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ABSTRACT
Whether a two-color reproduction from a red and
green additive process is acceptable depends largely on
the nature of the scene and its illumination. Additive
two-color reproduction will be explored here using dif
ferent scene illuminants and also different red and green
filter combinations. Two projection methods are also
examined. Red and green separations were produced by
photographing a scene through 16 different filter combin
ations and 3 different scene illuminants. These
separations are then projected two different ways. One
method involves projecting the separations back through
the red and green filters they were taken through, while
in the other method the green filter is removed and
replaced with a neutral density. It was found that
tungsten was the best scene illuminant at reproducing the
original scene colors, and that the best overall filter
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INTRODUCTION
If all the colors laid in a straight line in the
curved locus of the CLE. Diagram then we would be able
to reproduce all colors with just two.1 Since all colors
do not, we are limited in the amount of physical colors
we can reproduce using just two colors.
There are two types of two-color reproduction. The
first is the two-color subtractive process, in which the
film itself is colored or dyed. The dyes used are usually
cyan and orange.
The other type is the two-color additive in which
the black and white positives are exposed and projected
through two different filters. The two filters used are
usually red and green.
The effect of either of these processes on the eye
are often better than might be expected, probably due to
color contrast ? and possibly because the imagination
supplies the color of an object by memory, although the
color is actually not present.
Whether a two-color reproduction from either the red
and green additive process or the cyan and orange
sub-
tractive process is acceptable depends largely on the
type of scene and its illumination. Indoor scenes
usually give better
results than outdoor scenes, probably
due to the yellowish character of indoor lighting, from
tungsten filament lamps which are blue-deficient. In
outdoor scenes there is usually the inability to show
much, if any, color difference between greens and blues,
such as green foliage and blue skies.
From this we can see that there is a need to deter
mine what type of scene illuminants work better than
others for two-color reproduction, in particular additive
two-color reproduction. In the additive process the red
and green filters chosen will also have a lot to do with
the color reproduction. For example, a certain red and
green filter might work good with a tungsten scene
illuminant but not with a xenon source. You therefore
will need a different filter combination which will work
well with the xenon scene illuminant.
The way the separations are projected onto the
screen is also an important factor to look at here,
because the different projection methods will project the
colors differently. One method might project very
saturated vivid colors while the other method might
produce less vivid colors.
When photographing through a filter the film receives
only the part of the
spectrum that the filter transmits,
which means only the objects which are reflecting a color
or that part of the visible spectrum will be exposed. So
when photographing through a green filter, the green
objects will get the most exposure, and for a red filter,
the red objects get most of the exposure. So when these
separations are projected through the same filters they
were taken through and superimposed they produce a color
picture.
OBJECTIVES
It is the purpose of this paper to determine the
optimum scene illuminant and filter combination for each




c ne colors as close to their original
EXPERIMENTAL
A scene is made up of 12 Munsell color chips placed
upon a white card. The Munsell values for 5 of the chips
used in the analysis are listed below.
TABLE 1
Colors Hue Value Chroma
Red 5.0 R 4 14
Orange 5.0 YR 7 12
Yellow 5.0 Y 8 12
Green 5.0 G 6 10
Blue 5.0 B 5 8
The reason that Munsell color squares were chosen
for the scene is because they will make the color
matching easier, and also because we know their exact
Munsell values. Another reason is that if we use colored
objects it is possible that the imagination will help
supply some of the color of that object by memory. Using
colored squares we will get no memory influence when
color matching.
This scene is then photographed using Kodak Pana
tomic-X black and white film with a Minolta 35mm SLR.
The speed at which the film was exposed was 64 ASA, which
6
was kept constant for all the scene illuminants and
filter combinations.
The scene is now illuminated by say a tungsten scene
illuminant. It is photographed using the film mentioned
above, through a red Kodak Wratten filter and then again
through a green Wratten filter taking care not to move the
camera or tripod between these successive exposures. For
each scene illuminant the scene is photographed through 16
different combinations of red and green filters. The
exposures were bracked 2 stops to find the best expo
sure for reproducing the colors. The scene illuminants
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The film was processed by the procedure listed below
to make direct positive black and white transparencies at
a temperature of 68 F (20 C).
TABLE 4
First Developer (D-76). . .8 min
Water Rinse 2-5 min
Bleach Bath (R-9) 1 min
Clearing Bath (C3-1). . . .2 min
Redeveloper (FD-70A). . . .8 min
Water Rinse 1 min
Fixing Bath (F-5) 5 min
Wash 20 min
The black and white separations are now projected
two different ways. The first way which we will call the
first projection method is the normal two-color method in
which the red separation is projected through the same red
filter it was taken through, and the green separation
through its green filter, and both are superimposed on a
screen. The other way which we will call the second
projection method involves projecting the red separation
through the red filter as before, and removing the green
filter from the path of the green separation, and use a
neutral density filter (.80) to cut down the intensity so
that it approximately equals that which is coming out of
the red projector. Two Kodak 600 carousel slide projec
tors one for the red separation and one for the green
were used to project and superimpose the images. Refer
to Figure 1 and 2 for the two projection methods.
Of the 8 filters originally used to make 16
combin-
g
ations, 5 were chosen for the final color matching and
statistical analysis. Three were rejected because they
reproduced the colors quite badly in comparison to the 5
which were kept.
TABLE 5






Kodak's Wratten #24 red transmits from about 570 nm
on, while the #26 red transmits from
590 nm and the #29
red transmits from 600 nm on. The green Wratten #58
transmits from 470 to 620 nm, and the #61 green transmits














The color matching was done at a constant distance
of 12 feet because the projected colors will look slight
ly different for different viewing distances. Supposedly
you will see more color especially blue for farther
viewing distances.
The projection of the colored squares is now visu
ally matched to the colored chips from a Munsell color
book. The Munsell color book has about 10 pages of
different hues and on each page there are 20 to 30
colored chips of varying degrees of lightness and chroma.
Figure 3* a color square on the screen, is matched to a
color chip in the book and from this we get a number for
the hue, a number for the degree of lightness, and a
number for the chroma. This matching is done for each
filter combination, each scene illuminant, and the 5










now have number values for our projected colors we can do
some statistical tests on the results. Before we can do
this, we must convert these 3 values for each color into
one. For example, each color has 3 number values one for
the hue, one for the lightness, and one for the chroma.
By finding the difference between a projected color value
for hue, lightness, and chroma and the known values for
that color, we are able to find how far the projected
color differs from its original value. The notation for
hue, value, and chroma is written like this H v/C. Say a
projected color is matched to be 50 R 5/10 and its
original value was 5.0 R 4/14 then the difference between
them would be 0 1/2 or a total difference of 3. We now
assign a number ranking from 10 to 0 for each projected
color.
TABLE 7







If a projected color is matched to its original
color, meaning there is zero
difference in hue,
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lightness, and chroma, then this color would get a rank
number of 10, while a color that had a zero difference in
hue, a 1 difference in lightness, and a 2 difference in
chroma would get a rank number of 4.
From these rank numbers I did analysis of variance
for each projection method. From this analysis of vari
ance for the first projection method, using an alpha = .05
which is 95% confidence, we rejected the null hypothesis
for the scene illuminant factor, meaning there is a
significant difference between the scene illuminants. We
accepted the null hypothesis for the filter combination
factor, meaning there is no difference between the filter
combinations but for an alpha = .10 or 90% confidence the
null is rejected showing that there is a significant
difference between these combinations. There was also a
significant difference between the factors for the scene
illuminant and the filter combinations, meaning there was
interaction between these two or that they were influ
encing one another. For the second
projection method
that has the green filter removed, we again found a
significant difference between the scene illuminants, no
significant difference between the filter combinations,
and again interaction between the scene illuminant and the
filter combinations.
To determine which scene illuminant best reproduces
the original scene colors we add up all the rank numbers
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for each illuminant separately and the illuminant with the
largest rank total is the one with the least color changes
therefore the best at reproducing the colors. The table
that follows gives the rank order for the illuminants.
TABLE 8




This rank order of illuminants was the same for both
projection methods.
For the first projection method the rank order for
the filter combinations is listed below.
TABLE 9
Rank Order for Filter Combinations
Tungsten Fluorescent Xenon
1) 26, 61 1) 29, 61 1) 26, 58
2) 26, 58 2) 26, 61 2) 24, 58
3) 24, 61 3) 24, 61 3) 29,
58
4) 29, 61 4) 24, 58 4) 26, 61
5) 24, 58 5) 26, 58 5) 24,
61
6) 29, 58 6) 29, 58 6) 29,
61
For the second projection method the rank order for
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the filter combinations is listed below.
TABLE 10
Rank Order for Filter Combinations
Tungsten Fluorescent Xenon
1) 26, 61 1) 26, 61 1) 24, 58
2) 24, 61 2) 24, 61 2) 29, 58
3) 26, 58 3) 29, 61 3) 29, 61
4) 24, 58 4) 26, 58 4) 26, 58
5) 29, 61 5) 29, 58 5) 24, 61
6) 29, 58 6) 24, 58 6) 26, 61
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CONCLUSIONS
From these results we find that the scene illuminant
does affect the color reproduction in an additive two-
color system and the illuminant which best reproduces the
original scene colors is tungsten, then xenon, and
finally fluorescent. Tungsten reproduced the colors very
well without much changes in hue, lightness, or chroma,
while xenon had a bigger problem with hue changes for
yellow and orange. Fluorescent had large changes in the
chroma, which made most of the colors look very weak.
These results were true for both projection methods.
For the first projection method the filter combina
tion that reproduced the colors best for a tungsten
source was a 26, 61 combination, for xenon a 26, 58
combination, and for fluorescent a 29, 61 combination
was best. For the second projection method the best
filter combination for a tungsten source was again a
26, 61 combination, for xenon a 24, 58 and for fluores
cent a 26, 61 combination. The overall best filter
combination is a 26, 61.
From the statistical calculations the first pro
jection method using the red and green filters repro
duces the original scene colors more accurately than
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the second method which uses a neutral density filter in
place of the green filter. The first method produced
very vivid and bright colors but the whole scene had a
slight yellowish green cast, especially in the white
areas, which gave it a slightly abnormal appearance.
The second method was more pleasing to look at then
the first; it looked more normal even though it didn't
produce as vivid colors. The whites were much cleaner
and the blue colors looked slightly blue. The first
method reproduced the blue chips as green while the
second method produced the green chip with the same
slightly blue shade as the blue chip.
18
RECOMMENDATIONS
More work could be done in this area by using more
scene illuminants and by using different tungsten sources
that had different color temperatures. More experimen
tation could also be done using different filter combin
ations employing blue, or colors other than red and green
for some of the illuminants that don't reproduce the
colors well with a red-green combination.
Where more work should be done is in the color
matching and statistical analysis area. In this paper
the analysis was done by combining the hue, value, and
chroma into one number for the statistics, which enables
us to find that there is a difference in the color
reproduction due to the scene illuminants but does not
let us really see what the difference is. If we do the
statistical analysis separately for the hue, for the
value, and for the chroma, we will be
able to see which
one was more affected by the scene illuminant and the
filter combinations, and by how much. Also we can see
which were not affected by the illuminant and filters.
But doing the statistics this way makes them three times
as long or lengthy.
19
REFERENCES
1. Dr. R. W. G. Hunt, The Reproduction of Color, p. 94.
2. IBID
3- Cornwell-Clyne, A, Colour Cinematography, Chapman and
Hall, London, p. 261 (1951).
4. F. W. Clulow, Color Its Principles and Their Appli
cations, p. I67.
5- IBID
6. Dr. R. W. G. Hunt, The Reproduction of Color, p. 138.
7- F. W. Clulow, Color Its Principles and Their Appli
cations, p. I67.
8. D. E. Pearson, C. B. Rubinstein, and G. J. Spivak,
Opt. Soc. Amer., 59, P- 644.
9. R. Belsey, Opt. Soc. Amer-, 54, p. 529.
10. M. H. Wilson, R. W. Brocklebank, Journal Phot. Sci.,
8, p. 141, (I960).
20
APPENDIX
Equations for C Values
i
Ci
= Ti... ck =
T..k*
kjL "ijlc













i = 6 j=3 ic = 5 L=l
Equations of SS for Anova
Aj_ ---------Ci. - Cj
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= T..1K . = 4395-33
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Aj Is not significant for <* = .05 but is for e< =








is a difference between illuminants.




difference in the colors.
(AB)t-- Is a significant difference for a< = .05 - light
source + filter interaction.































df M.S. F F Table
5 4.63 2.184 F^^ = 2.4495
2 81.91 38.64 P2j%^ . 3. 2317
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8.85 4.175 -P,.,*...,
- 2.077
4.21 1.986 F2O)H0yOS 1.839
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Ccj * 21968 4393.6
5
ci
= 612 = 4161.6
90
CK = 80968 = 4498.22
CLi[- = 4944.0
C,w = 14468 = 4602.67
al Is not significant, there is no difference
between the filters as far as we can tell.
Bj There is a significant difference between the
light sources.
CK There is a significant difference between the
colors.
(AB)L There is a significant difference, light source
J
and filter interaction.
(AC)tK No significant difference, no filter and color
interaction for << = .05, significant difference
for 4 = .10.
(BC):.C No significant difference, no light source and
color interaction for o{ = .05, significant




Source SS df M.S. F F Table
A^ 21.33 5 4.266 1.85 F5-
\^"r0S
= 2.449










(AB),7 96.81 10 9.68 4.21 F
,*,-5
= 2.077
(XC)CK 83.12 20 4.16 1.81 F2o
1 Ht> ,-OS
= 1.839
(BC)jK 38.59 8 4.82 2.10
, .65
= 2.180
(ABC),.,, 92.07 40 2.30 X X
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Cik - 5728 = 1909-33
3
C;k = H712 = 1952
o
Ac-
Is not significant, there is no difference
between the filters as far as we can see.
Bj There is a significant difference between the
light sources.
CK There is a significant difference between the
light sources.
(AB)t-. No significant difference, no light source and
J
filter interaction for ei - .05, is significant
for o( = .10.
(AC)tK There is a significant difference, filter and
color interaction.





Source ss df M.S. F F Table




Bj 99.47 2 49.74 24.50 Fx Vo, .05
B 3.2317
Ck 437.95 4 109.49 53-94 Fx Vo , . oS 2.606
(AB),.- 40.80 10 4.08 2.009 F,c 2.077
(AC)CK 112.45 20 5.62 2.77 Fz* >10ros = 1.839
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Cc = 23200 = 1546.67
15
C; = 51224 = 1707.47
30
CCj
= 9048 = 1809.6
ci
= 135424 = 1504.71
90
C,< * 32784 = 1821.33
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Ct)... = 2464 = 2464
~T~
c.k = 6056 = 2018.67
3
C}K = 12560 = 2093.33
AL is a significant difference for <K = .05, there
is a difference between filters.
By Is a significant difference for (A
=
.05. there
is a difference between illuminants.
CK is a significant difference for ( = .05, there
is a difference between colors.
(AB)tJ- Is a significant difference for * = .05, there
is illuminant and filter interaction.
(AC)^ Is a significant difference for < = .05, there
is filter and color interaction.
(BC)j'K Is a significant difference for <
=
.05, there




Source SS M E MS F F Table
Ac 41.96 5 8. 39 2. 96 2.449
Bj 202. 76 2 101.>38 35-182 3.232
Ok 316.,62 4 79. 16 27. 97 2.606
(AB)o7 60. 17 10 6. 02 2. 12 2.077
(AC)t-K 155- 38 20 7. 70 2. 72 1.839
(BC)^ 69.,24 8 8. 66 3. 06 2.180
(ABC)tVK 113- 16 40 2. 83 X X



























































Method 1, Judge 1
Tungsten




























































































































































































Method 1, Judge 2
Tungsten






























































































































































































Method 1, Judge 3
Tungsten






























































































































































































Method 2, Judge 1
Tungsten
































































































































































































Method 2, Judge 2
Tungsten
































































































































































































Method 2, Judge 3
Tungsten
Fil-































































































































Filters Red Orange Yellow Green Blue
24, 58 1/0
8
0/0
10
1 0/2
it
1 1/1
it
1 2/2
0
24, 61 1/0
8
0/0
10
1 1/2
2
1 1/2
2
1 2/2
0
26, 58 1/1
6
1 1/0
6
1
.0/3
2
1 1/2
2
1 1/1
4
26, 61 1/0
8
1 2/0
4
1 1/0
6
1 1/2
2
1 1/1
it
29, 58 0/0
10
1 2/1
2
0/3
it
1 0/2
it
1 1/1
it
29, 61 0/0
10
1 2/1
2
l l/l
4
1 1/1
4
1 2/2
0

